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Summary: There is a long history of using antipsychotic medications in the treatment of depressive disorders. 
Atypical antipsychotics, which have fewer side effects than traditional antipsychotics, have been used as 
monotherapy or adjunctively with antidepressants to treat depressive disorders with or without psychotic 
symptoms. The antidepressant effect of atypical antipsychotics involves regulation of monoamine, glutamate, 
gamma-aminobutyric acid (GABA), Cortisol, and neurotrophic factors. To date, the United States Food and Drug 
Administration (USFDA) has approved aripiprazole and quetiapine slow-release tablets as adjunctive treatment 
for depressive disorders, and the combination of olanzapine and fluoxetine for the treatment of treatment- 
resistant depression. When using atypical antipsychotics in the treatment of depressed patients, clinicians need 
to monitor patients for the emergence of adverse effects including extrapyramidal symptoms (EPS), weight gain, 
and hyperglycemia. 



1. Introduction 

Depressive disorders cause substantial disability, 
often exceeding that resulting from other chronic 
conditions such as heart disease and diabetes.' 11 Many 
antidepressant medications have been developed 
over the last couple of decades but the mechanism 
of action of these drugs remains unclear and the 
proportion of patients who are not helped by these 
medications remains high. The complete resolution of 
all the symptoms of depression may require the use of 
multiple medications that have different mechanisms of 
action. [2] Some authors believe that concurrent treatment 
with antidepressants and antipsychotics (including 
traditional antipsychotics, such as sulpiride, or atypical 
antipsychotics, such as clozapine, olanzapine, quetiapine, 
aripiprazole, risperidone, and ziprasidone) are more 
effective than monotherapy with antidepressants 
because this approach acts on multiple receptor 
systems. 121 Based on this rationale, the use of atypical 
(second generation) antipsychotics has become one of 
the main strategies to boost the efficacy of treatment for 
depression. 131 This review will discuss the current use of 
antipsychotics in the treatment of depressive disorders, 
consider the pharmacological mechanisms involved 
in this combined treatment approach, highlight the 
warning signs to watch for during this type of treatment, 
and consider future trends of this therapeutic practice. 



2. The history of the use of antipsychotics in the 
treatment of depressive disorders 

Antipsychotics have long been used in the treatment 
of depressive disorders. The treatment effect of 
phenothiazines was found to be similar to that of 
tricyclic antidepressants 141 but the side effects of using 
antipsychotics (extrapyramidal symptoms [EPS], tardive 
dyskinesia [TD], neuroleptic malignant syndrome 
[NMS], etc.) decreased interest in using monotherapy 
antipsychotics to treat depression. Nevertheless, 
combined treatment with antidepressants and 
antipsychotics became the treatment of choice for 
depressed patients who had psychotic symptoms as part 
of their depressive disorder. 151 The range of patients given 
combined treatment with antidepressants and typical 
(first generation) high-potency antipsychotics gradually 
increased to include those whose depressive disorders 
were severe, intense, or accompanied with psychotic 
symptoms. 161 Overtimetypical antipsychotics were replaced 
by atypical (second generation) antipsychotics because 
of their lower rates of EPS and TD, and their less severe 
cognitive impairment. At present, atypical antipsychotics 
are used in combination with antidepressants to treat 
psychotic depression, 14 - 51 to improve the efficacy of 
antidepressants for treatment-resistant depression, 17 91 and 
as monotherapy antidepressants. 131 
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3. Antipsychotics are effective for the treatment of 
certain depressive disorders 

There is abundant evidence of the antidepressant 
effect of some of the atypical antipsychotics.' 31 The 
United States Food and Drug Administration (USFDA) 
has approved the use of aripiprazole (5-10 mg/d, 
maximum dosage 15 mg/d) as an adjunctive medication 
in the treatment of depressive disorders. Combined 
treatment with olanzapine and fluoxetine has been 
approved by the USFDA for the treatment of treatment- 
resistant depression (olanzapine 5-20 mg/d, fluoxetine 
20-50 mg/d). 1101 Slow-release quetiapine (150-300 
mg/d) has also been approved by the USFDA as an 
adjunctive treatment for depressive disorders; this is 
the only atypical antipsychotic approved in Europe as an 
adjunctive treatment for depression and in Australia it 
has been approved both as an auxiliary treatment and as 
a primary treatment for depression. 

Meta-analyses have assessed the effectiveness and 
side effects associated with the use of various atypical 
antipsychotics as adjunctive or primary treatment for 
depressive disorders and dysthymia. 1111 Slow-release 
quetiapine : pooled results from seven double-blind RCTs 
(n=3414) found improved depressive symptoms when 
used alone or when used jointly with antidepressants, 
but it also had a clear sedative effect. Olanzapine : pooled 
results from seven double-blind RCTs (n=1754) found that 
adjunctive treatment with olanzapine improved patient 
adherence to treatment but it was not associated with 
improved treatment effects and it was associated with 
weight gain and increased prolactin levels. Aripiprazole 
(3 studies, n=1092) and risperidone (4 studies, n=637): 
when used as adjunctive treatment to antidepressants 
both medications improved the outcomes, but they 
were associated with weight gain and increased prolactin 
levels. 1111 No significant differences have been found 
in the antidepressant effects of the different atypical 
antipsychotic medications assessed. 131 

Some studies have also shown benefits of 
antipsychotic treatment during the maintenance phase 
of treatment for depression. A 52-week follow-up study 
reported that relapses were fewer among individuals 
with depressive disorders who received monotherapy 
with slow-release quetiapine (50-300 mg/d) during the 
maintenance phase of treatment than in those given 
placebos. 1121 Another study found that the relapses were 
delayed among those who received adjunctive treatment 
with risperidone or amisulpride compared to those who 
received placebos as adjunctive treatment. 131 

There is also evidence suggesting an augmentation 
of antidepressant treatment effects in treatment- 
resistant patients who receive adjunctive ziprasidone. 
An open-label randomized trial of individuals with 
treatment-resistant depression on high-dosage 
sertraline found that the patients had better scores on 
the Clinical Global Impression-Severity (CGI-S) scale after 
receiving adjunctive treatment with ziprasidone 160 
mg/d compared with those who received adjunctive 



treatment with ziprasidone 80 mg/d. But this was a 
small-sample study so these results need to be verified. 
1131 A retrospective study also found that ziprasidone was 
effective for treatment-resistant depression, though 
there was no difference in effectiveness between 
ziprasidone and other atypical antipsychotics. 1141 

No RCTs about the usefulness of clozapine 
or paliperidone as adjunctive treatments in the 
management of depressed patients have been identified. 

4. Pharmacological mechanisms of antipsychotics in 
the treatment of depressive disorders 

The antidepressant effect of typical antipsychotics 
is presumed to be related to the inhibition of D2/ 
D3 receptors on the dopamine (DA) pathway in the 
prefrontal cortex, which increases the DA level in 
the prefrontal cortex. The antidepressant effects of 
atypical antipsychotics include rapid disengagement 
of DA receptors, reduced activation of DA receptors, 
reduced activation of 5-hydroxytryptamine 1A (5-HT1A) 
receptors, inhibition of 5-HT2A/2C receptors, inhibition 
of a2 receptors, the blockage of the norepinephrine 
transporter (NET), the regulation of the glutamate or the 
gommo-aminobutyric acid (GABA) system, a decrease 
in Cortisol levels, and an increase in Brain-derived 
neurotrophic factor (BDNF) levels. 

4.1 Dopamine (DA) 

The effect of atypical antipsychotics on mood is related 
to the rapid release of DA from the receptor and the 
consequent reduced activation of DA receptors. In 
untreated schizophrenia, the occurrence of positive 
symptoms is a result of increased output of DA in the 
midbrain limbic system; the occurrence of cognitive 
impairment and negative symptoms is a result of 
decreased output of DA in the cerebral cortical pathways 
to the dorsal prefrontal cortex; and the occurrence of 
mood and negative symptoms is a result of decreased 
output of DA in the cerebral cortical pathways to the 
ventral prefrontal cortex. In theory, the D2 receptors 
need to be blocked in order to reduce the DA function 
in the cerebral cortical pathways and to prevent the 
exacerbation of mood, cognition, and negative symptoms 
following rapid release of DA from the receptor. Rapid 
release translates into low potency. Low potency 
medications (i.e., those that require a high dosage 
to achieve a treatment effect such as clozapine and 
quetiapine) can be released faster from the D2 receptors 
compared to high-potency medications (i.e., those for 
which a low dosage achieves a treatment effect such as 
risperidone), and medium-potency medications (such as 
olanzapine) which have an intermediate disengagement 
speed. 121 

Partial activation of DA receptors reduces DA output 
in the midbrain limbic system, which leads to fewer 
positive symptoms but is not enough to influence senses 
of pleasure and satisfaction. Since the DA output in 
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the cerebral cortical pathways may be too low, partial 
DA activists actually increases DA release in this area 
which leads to improved cognition, mood, and negative 
symptoms. 121 Partial DA activists include aripiprazole, 
amisulpride and sulpiride (for amisulpride and sulpride, 
the clinical indicators of partial DA activation are more 
evident at low dosages). 121 

There is a wide variation in the treatment effects of 
antipsychotics. At low dosages many non-dopaminergic 
antipsychotics have the same mechanism of action 
as antidepressants: increasing DA transmission in 
the prefrontal cortex. Lavergne and colleagues 1161 
hypothesized that depressive disorders are a result 
of 'synaptic depression' caused by decreased DA 
transmission and elevated Dl receptor functioning in 
the prefrontal cortex, changes that can be corrected 
by increasing DA transmission. 1161 Increased functioning 
of DA can improve synaptic plasticity and neuro- 
regeneration, but there is a U-shaped dose-response 
relationship between DA activity and synaptic plasticity. 
1161 The interaction between DA and glutamate is via 
the Dl receptor subtype and the N-methyl-D-aspartate 
(NMDA) receptor, so BDNF may play a regulatory role in 
this process. 1161 

4.2 5-hydroxytryptamine (5-HT) 

Different atypical antipsychotic medications have very 
different binding affinity for different types of 5-HT 
receptors. 1171 These differences in binding capacity 
are often more apparent when combined with 
antidepressants. 1171 

The activation of the 5-HT1A receptor leads to the 
closure of the 5-HT neuron impulse, decreased electro- 
activities and release of 5-HT, decreased postsynaptic 
concentration of NE and 5-HT, and reduced inhibition 
of NE and DA. [2] Postsynaptic 5-HT1A receptors inhibit 
the release of glutamate from neurons in the cortical 
pyramid and regulate the metabolism of hormones that 
influences mood, anxiety, and cognition. When 5-HT1A 
is activated by 5-HT, signals are delivered by the second 
messenger cyclic adenosine monophosphate (cAMP) 
and promote gene expression. This increase in gene 
expression can help the regulation of neurotransmitters 
and neurotrophic factors which, in turn, help the 
alleviation of depressive symptoms. 121 In support of this 
explanation for the role of 5-HT1A receptors, a study of 
5-HT1A receptor gene knockout mice reported increased 
anxiety-related behaviors, an anti-depression-like 
phenotype, and impaired cognition. 1181 Moreover, the 
effect of the partial 5-HT1A receptor activators (such as 
buspirone ) is delayed, similar to antidepressants, which 
suggests that the treatment effect is related to upstream 
or downstream adaptation rather than to acute changes 
in these receptors. 121 

The isoreceptor function of the 5-HT2A receptor 
is through the expression at DA, GABA, GA, and Ach 



neurons on the dendrite of the cell. In vivo microdialysis 
found that activation of the 5-HT2A receptor may boost 
the release of GA and GABA and inhibit the release of 
DA and NE. 1181 Contrary to the 5-HT1A receptor, when 
5-HT2A is activated the delivery is blocked at the second 
messenger system cAMP and, thus, inhibits gene 
expression. In mice, the destruction of the entire 5-HT2A 
receptor messenger system reduced the inhibition of 
conflict anxiety and did not influence behaviors related 
to fear and depression; selective recovery of the cortex 
5-HT2A receptor signals restored the conflict anxiety 
behavior. 1181 

5-HT2C receptors are located in GABA, GA, and DA 
neurons. They function as cellular dendrite isoreceptors. 
1181 In vivo neurochemical studies found that the activation 
of 5-HT2C receptors can inhibit the release of DA and NE 
in the cortex. 1181 A study found that 5-HT2C receptor- 
mutated mice did not show obvious anxiety induced by 
5-HT2C receptor stimulants, 1181 which suggests that these 
receptors influence emotions and behavior. 

The inhibition of 5-HT2C receptors is also related 
to extended slow-wave sleep and the increase of 
sleep efficiency - which are associated with the core 
symptoms of depression. Among individuals with 
depressive disorders, there is less slow-wave sleep, a 
shorter latency period of REM sleep, shorter sustained 
sleep time, a longer latency period for sleep initiation, 
longer awake time, more frequent REM sleep, and more 
8 and 6 waves in the sleep EEG. 1191 Selective serotonin 
reuptake inhibitors (SSRIs) usually lead to increased 5-HT 
levels between synapses inducing both treatment effects 
and unintended side effects, 1181 including sleep disorders 
related to the stimulation of 5-HT2C receptors. Low 
dosages of atypical antipsychotics can inhibit 5-HT2C 
receptors and, thus, decrease the occurrence and severity 
of these anti-depressant induced sleep problems, 
enhancing the treatment effects of SSRI antidepressants. 
121 A single 5 mg dose of olanzapine can extend slow-wave 
sleep, total sleep time, sleep efficiency, and reduce time 
awake; 1201 a single 1 mg dose risperidone can reduce 
REM sleep. 1201 Ziprasidone, 40 mg qd, can extend slow- 
wave sleep and increase sleep efficiency. 1201 The effect of 
extended slow-wave sleep of olanzapine and ziprasidone 
is related to 5-HT2C receptor inhibition. 1211 The binding 
ability of quetiapine to 5-HT2C receptors is low so it does 
not influence slow-wave sleep, 1221 but daily treatment 
with 155 mg quetiapine for two to four days has been 
shown to decrease REM sleep, possibly due to it's high 
binding ability with HI receptors. 1231 

Experimental data suggests that the 5-HT7 receptor 
is the key mediator for the antidepressant effect of 
aripiprazole. 1241 The combination of SSRIs and 5-HT7 
receptor antagonists can increase the treatment 
effects of SSRIs. 1251 Animal studies have also found that 
5-HT6 receptor antagonists can enhance the effects of 
antidepressants. 1261 
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4.3 Norepinephrine (NE) 

NE is located in many brain areas. It is the main 
monoamine neurotransmitter that regulates arousal 
and stress reactions. Reduced activities in the prefrontal 
cortex regulated by NE may be related to decline in 
cognitive functioning (e.g., attention) and motivation. 
Since noradrenergic descending fibers from the nucleus 
ceruleus also go to brain areas that regulate motor 
functioning (i.e., the striatum and cerebellum), NE may 
also be related to the regulation of physical fatigue. 
N-desalkylquetiapine, the metabolite of quetiapine, can 
block the NE transporter and promote the delivery of NE; 
the binding of quetiapine to the NE transporter is almost 
negligible. 1121 

NE and NE neurons as well as the a.2 receptor on 
the presynaptic membrane of the 5-HT neuron can 
block the release of NE and 5-HT. Antagonists of the 
a.2 receptor can relieve this inhibition and increase the 
release of 5-HT and NE, producing an antidepressant 
effect. Additionally, the al receptor on the postsynaptic 
membrane of the NE and 5-HT neurons can enhance 
the release of 5-HT. Thus, when NE inhibition is blocked, 
the al receptor is activated, which leads to a magnified 
release of 5-HT. 121 Preclinical neurological data show that 
the antidepressant mechanism of risperidone is due to 
the inhibition of the a.2 receptor; 1271 some researchers 
believe the antidepressant effect of quetiapine is also 
moderated by the inhibition of the a2 receptor. 

Unlike other second-generation antipsychotics, 
ziprasidone can block the reuptake of 5-HT, dopamine, 
and NE. But the binding of ziprasidone to 5-HT 
transporters is weaker than that of SSRIs or duloxetine, 
so it is not clear if this moderate binding is enough to 
influence the transmission of monoamine in humans. 1121 

SSRIs increase the transmission of 5-HT in the 
cerebrum and nucleus ceruleus, and thus, decrease the 
discharge of NE neurons. Atypical antipsychotics increase 
the discharge of NE neurons via the inhibition of 5-HT2A, 
ct2, or NE transporters. This may be the reason that 
second-generation antipsychotics are effective among 
depressed patients who get limited benefit from SSRI 
treatment. 1281 



acid receptor [AMPA]) and the GA transporter have 
been associated with the development and treatment of 
depressive disorders. 1301 

Studies have found that quetiapine can decrease 
mRNA expression of the NR-1 and NR-2C subtypes of the 
NMDA receptor in the septal nuclei. 1311 Quetiapine can 
also increase the expression of the G luR-B and G luR-C 
subtypes of the AMPA receptor in the hippocampus. 
1311 Some researchers hypothesize that quetiapine can 
normalize GA neurotransmission and decrease the risk 
of overstimulation by changing the activities of the GA 
receptors. 1281 

4.5 gommo-aminobutyric acid (GABA) 

Preclinical and clinical studies found that inhibition of 
the y-GABA system is related to the pathophysiology 
of depression. The regulation of extra-cellular 
concentrations of NE and DA in the prefrontal cortex by 
the administration of quetiapine is regulated by NMDA 
which is moderated by AMPA and GABA. 1291 Joint use of 
fluvoxamine and haloperidol led to changes in GABA 
receptors and signal delivery systems in some brain 
regions in rats; this change was not observed when 
fluvoxamine or haloperidol were used alone. 1321 Similar 
observations have been reported among patients with 
schizophrenia; some studies suggest that combined 
treatment may lead to a better improvement of negative 
symptoms. 1321 There has been no study on this topic 
among patients with depressive disorders. 

4.6 Hypothalamic-Pituitary-Adrenal (HPA) axis 

Mood disorders are related to changes in the stress 
response system. Convincing evidence has been found for 
increased Cortisol levels among patients with depressive 
disorders. 1331 Unlike haloperidol, low-dose quetiapine and 
olanzapine can decrease Cortisol levels among healthy 
volunteers. 1341 However, there has been no study about 
changes in Cortisol levels after the use of antipsychotics 
among patients with depressive disorders, 1121 so its 
unclear whether or not the HPA axis plays a role in the 
antidepressant effect of antipsychotic medications. 1121 



4.4 Glutamate (GA) 

GA is the main neurotransmitter stimulant in the central 
nervous system. The physiological functions of GA 
are usually moderated via nonionic mechanisms such 
as N-methyl-D-aspartate (NMDA), A-amino-hydroxy 
methyl oxazole propionic acid, kainic acid receptor and 
metabolic GA receptor. 1291 Several reports have suggested 
the key role of GA in the neurobiology and treatment 
of depressive disorders. Abnormal GA functioning 
has been found in patients with depressive disorders 
and some GA-related medications have shown some 
antidepressant effects. 1301 Several metabolic GA receptors 
(e.g., 9-aminomethyl-9, 10-dihydroanthracene [AMDA] 
and a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 



4.7 Brain-derived neurotrophic factor (BDNF) 

Pre-clinical and clinical studies have found that the 
increase of neurotrophic factors, especially BDNF, 
is a common characteristic in the mechanisms of 
action of antidepressant medications. A meta-analysis 
summarizing 11 studies found decreased BDNF levels in 
untreated depression and a return of BDNF levels to the 
normal after antidepressant treatment. 1351 These findings 
have led some researchers to propose using BDNF 
concentration as a biomarker for disease severity and 
treatment effects. 1351 After the use of second-generation 
antipsychotics such as olanzapine, plasma BDNF 
levels increase. 1361 Moreover, one relatively small study 
found that the increase in BDNF levels of depressed 
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patients treated with a variety of antipsychotics and 
antidepressants was greater in patients considered 
responsive to the combined treatment;' 371 this suggestive 
study needs to be repeated with a larger sample that 
would allow differentiation of the results for different 
combinations of medications. 



5. Adverse reactions when using antipsychotics in the 
treatment of depressive disorders 

Due attention should be paid to the potential side 
effects of antipsychotic medications when considering 
adjunctive treatment in patients with depressive 
disorders. These side effects include the metabolic 
syndrome (e.g., poor regulation of the metabolism of 
sugar and fats), EPS, high prolactin, sedation, abnormal 
liver function, and cardiac irregularities. 1121 The doses of 
antipsychotic medications used as adjunctive treatment 
in depression are usually lower than when used as the 
primary treatment in schizophrenia and bipolar disorder, 
so the prevalence and severity of these side-effects is 
usually lower, 13151 but clinicians must be vigilant about 
these adverse reactions, particularly in elderly patients. 

In the mid-1980s, two studies observed a high 
prevalence of tardive dyskinesia after long-term use 
of typical antipsychotics in individuals with mood 
disorders. 138391 Subsequent studies 140 - 411 reported that 
the prevalence of tardive dyskinesia in patients with 
mood disorders who were treated with antipsychotic 
medication ranged from 9 to 64%. Among these studies, 
only one study included patients with schizophrenia; 1401 
this study reported that the occurrence of tardive 
dyskinesia was higher among mood disorder patients 
(42%) than in patients with schizophrenia (25%). 

In general, the occurrence of EPS is lower for atypical 
antipsychotics compared to typical antipsychotics (except 
for aripiprazole). With the exceptions of risperidone and 
paliperidone, the influence of atypical antipsychotics on 
the level of prolactin is also smaller than that of typical 
antipsychotics. 

For patients with treatment-resistant depression 
who require long-term medication, the advantage 
of adjunctive treatment with antipsychotics can be 
considerable, but chronic use of these medications, even 
at relatively low doses, can lead to increases in blood 
lipids, triglycerides, and glucose resulting in weight gain 
and an increased risk of Type II diabetes. These risks are 
greatest with clozapine and olanzapine; moderate with 
paliperidone, risperidone, and quetiapine; and small 
with aripiprazole and ziprasidone. Except for clozapine, 
the antidepressant treatment effects of different atypical 
antipsychotics are similar, so the side-effect profile should 
be the deciding factor in the choice of antipsychotic 
medication. 1421 Clinicians need to consider the patient's 
age, weight, body mass index, medical history and family 
history of diabetes and cardiovascular diseases when 
weighing the potential risks of different antipsychotics. 
1431 When using atypical antipsychotics as adjunctive 



treatment for depressed patients, clinicians should 
follow the guidance about monitoring and screening of 
the American Diabetes Association 1441 and should counsel 
patients about diet, exercise and a healthy life style. 
When life style interventions fail to prevent weight gain 
in young patients using low-dose atypical antipsychotics, 
metformin can be considered if other second-generation 
antipsychotics are not suitable. 1421 

In older patients side effects of second-generation 
antipsychotics include increased mortality (number 
needed to harm [NNH]=87), stroke (risperidone 
NNH=53), EPS (olanzapine NNH=10, risperidone 
NNH=20) and urinary system symptoms (NNH=16-36). 1101 
Clinicians need to carefully weigh the potential benefits 
and potential risks of long-term adjunctive treatment 
of elderly depressed patients with antipsychotic 
medications. 



6. Future directions 

Currently, side-effects are more predicable than 
treatment efficacy, so the relative risk of different types 
of side-effects is the most important factor to consider 
when choosing an adjunctive antipsychotic medication 
for the treatment of depressed patients who are 
currently receiving antidepressants. Future studies need 
to identify subgroups of depressive patients -categorized 
by genetics, neurophysiological markers, orfamily history 
- who would benefit from specific types of antipsychotic 
medications or specific combinations of antidepressant 
and antipsychotic medications. And more detailed 
studies on the appropriate dosages and duration of 
treatment with adjunctive antipsychotic medication will 
help increase the effectiveness of combined treatment 
while decreasing the adverse reactions associated with 
combined treatment, thus enhancing the cost-benefit 
for this important form of treatment for persons with 
depressive disorders. 
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